Dimethyl ether is an important chemical material and it has many engineering applications. It is a clean and economical alternative fuel and an ozone-friendly refrigerant.
Introduction
Dimethyl Ether (DME -CH 3 OCH 3 ) is the simplest ether. It is a clean and ecological fluid which can be produced from various resources as natural gas, coal or biomass through synthesis gas. Its physical and thermophysical properties, compared to the ones of methane, propane, butane, and methanol, are reported in Table 1 . From the present table it is evident that its properties are very similar to those of liquefied petroleum gases (i.e., butane or propane). For this reason it can be distributed and stored using the LPG handling technology. It can be used for various fields such as alternative fuel [1] and natural refrigerant (RE 170) [2] .
In the case of burning DME, there are no emissions of SO x or particulate and the emissions of NO x and CO 2 are extremely small. In addition, its GWP is of 0.3 per 100 years [3] . For all these reasons, its thermophysical properties were recently studied [4] and a fundamental equation of state was also derived [5] . In this work, vapor pressures and PVT measurements are presented. Vapor pressures were compared with existing literature sources.
Experimental section
Reagents. DME was supplied by Aldrich Inc., USA., and its purity was checked by gas chromatographic analysis, using a thermal conductivity detector. It was found to be 99.8 % on an area-response basis.
Experimental devices. In this paper, the adopted device is the same described elsewhere [6, 7] with no modifications. Here, only a brief description is reported. The constant-volume apparatus with a volume of 273.5 cm 3 was used for the two-phase measurements.
An AISI 304 stainless steel spherical cell containing the refrigerant sample is connected to a differential diaphragm pressure transducer coupled to an electronic null indicator. The transducer and sphere were placed vertically, and a magnetic pump for mixing the sample was connected to the sphere. A second spherical cell was also connected and used for volume calibration. Because of the complex volume of the isochoric cell, its total volume (including the piping, the pressure transducer cavity, and magnetic pump volumes) was calibrated according to the classic Burnett calibration procedure, adopting helium as the reference fluid.
The spherical cells and pressure transducer are immersed in two thermostatic baths containing different silicon oils and alternatively used for measurements at different temperature ranges. Both baths are controlled by a Proportional Integrative Derivative (PID) device. An auxiliary bath, also controlled by a PID device, helps the system to keep the temperature constant. A platinum resistance thermometer is immersed near the cell and is connected to a digital indicator.
Mixtures were prepared using the gravimetric method. The sample was first placed in different bottles, degassed to remove noncondensable gases and air, and weighed with an analytical balance.
After evacuating the cell, the bottles were discharged into the cell immersed in the bath. At the end of this procedure, the bottles were weighed, and the mass of the charge was calculated from the difference between the two weights. The lost mass inside the duct was estimated and subtracted from the total mass of the charge.
Experimental uncertainties. The uncertainty in the temperature measurements is due to the thermometer and any instability of the bath. The stability of the bath was found to be less than ±0.015 K and the uncertainty of the thermometer was found to be less than ±0.010 K in our temperature range. The total uncertainty in the temperature measurements was thus less than ±0.03
K. Any uncertainty in the pressure measurements is due to the transducer and null indicator system, and to the pressure gauge. The digital pressure indicator (Ruska, mod. 7000) has an uncertainty of ±0.003% of the full scale. The total uncertainty in the pressure measurement, also influenced by temperature fluctuations due to bath instability, was found to be less than ±1 kPa.
To check the experimental repeatability, some measurements were repeated under the same experimental conditions. The obtained data were always found to be in agreement with the experimental ones and well within the experimental uncertainty.
Results and Discussions
In total, 159 experimental points for dimethyl ether were obtained. By the isochoric method, 71 data points were collected in the two-phase region and reported elsewhere [8] , while 88 data were collected along 6 isochores in the superheated vapor region. The experimental points taken within the VLE boundary were fitted with a Wagner type equation. The experimental VLE data were compared with recently-published data and a generally good consistency between the different sources was found. The vapor phase data are reported in Table 2 . A summary of the experimental measurements is showed in Figure 1 . In the fitting procedure, the critical pressure was fixed to be P c =5370.2 kPa [9] . The analysis of the recent literature showed that a total of 11 data sources are available [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The experimental results were also compared with the published data in the literature. In figure 2 are reported absolute and relative deviations for the literature data from equation 1. Most of the deviations are well within ±10 KPa, showing a general consistency between the sources; a systematic shift of 5 KPa was found only for one source [20] , while higher deviations were found at temperatures greater than 320 K for two sources [14, 15] .
PVT data. The isochoric PVT measurements were taken in a temperature range from (219 to 361) K, at pressures from (22 to 2622) kPa, and for molar volumes from (1.45 to 4.66) dm 
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Using eq 2 with the experimental temperature and volume data, the deviations from the experimental pressure were calculated for each data point. Due to unknown accurate value of T Boyle needed in the original version of the Martin-Hou EoS, we estimated its value to be 1000 ±100 K (i.e., for many real gases T Boyle is approximately 2.5 T c ). Consequent deviations spanned from AAD (P)= 2.48 % to AAD (P)= 2.81 %. Since no experimental data were available in the open literature, our experimental results were also compared with REFPROP 8.0 [9] . Absolute and relative deviation between experimental data and REFPROP 8.0 prediction are reported in figure 3 .
Deviations showed an AAD (P)= 1.2 %. The data compared both with the Martin Hou EoS and REFPROP 8.0 showed similar deviation trends. The main source of error could be probably due to the small amount of mass charged.
Conclusions
In this work, the PVT properties of dimethyl ether have been measured, both in the saturation region 
